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EKC 222 – Chemical Engineering Thermodynamics 
[Termodinamik Kejuruteraan Kimia] 
 
 
Duration : 3 hours 






Please ensure that this examination paper contains SEVEN printed pages and 
FOUR
 
 printed page of Appendix before you begin the examination. 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi TUJUH muka surat yang 
bercetak dan EMPAT
 
 muka surat Lampiran sebelum anda memulakan peperiksaan 
ini.] 
 
Instruction:  Answer ALL
 





In the event of any discrepancies, the English version shall be used.  
 
[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi Bahasa 
Inggeris hendaklah digunapakai]. 
 
 
Booklet of Thermodynamic Tables are provided. 
Buku Jadual Termodinamik akan dibekalkan. 
…2/- 
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1. [a] Answer the following questions in your own words: 
Jawab soalan-soalan berikut dengan perkataan anda sendiri:  
 
[i] As a consequence of thermal equilibrium, Zeroth Law of 
Thermodynamics can be defined and it serves as the working principle 
for thermometer.  Explain why a piece of ice will melt in a glass of water 
under the context of Zeroth Law. 
 
 Lanjutan dari keseimbangan terma, Hukum Termodinamik Sifar boleh 
ditakrifkan dan berfungsi sebagai prinsip kerja untuk termometer.  





[ii] According to the 1st Law of Thermodynamics energy is always 
conserved.  However, for exothermic reaction, energy is released to the 




Menurut Hukum Termodinamik Pertama, tenaga selalunya diabadikan.  
Walau bagaimanapun, untuk tindak balas eksotermik, tenaga dilepaskan 
ke persekitaran. Jelaskan mengapa tindak balas eksotermik tidak 
melanggar Hukum Termodinamik Pertama
        [2 marks/markah] 
. 
 
[iii] According to Clausius statement of 2nd
 
 Law of Thermodynamics, the 
entropy of the universe tends to a maximum.  Explain why this statement 
leads to the impossibility of perpetual motion machine. 
Menurut kenyataan Clausius, bagi  Hukum Termodinamik Kedua, 
entropi alam sekitar cenderung ke arah maksimum. Jelaskan mengapa 




[b] For an ideal gas with constant heat capacities, show that 
Untuk gas unggul dengan muatan haba malar, tunjukkan: 
 
[i] For a temperature change from T1 to T2
 
, ∆S of the gas is greater when 
the change occurs at constant pressure than when it occurs at constant 
volume. 
Bagi pertukaran suhu dari T1 ke T2
 
, ∆S untuk gas ini m engalami 
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[ii] For a pressure change from P1 to P2
 
, the sign of ∆S for an isothermal 
changes is opposite that for a constant volume change. 
Bagi pertukaran tekanan dari P1 ke P2
  
, tanda untuk ∆S bagi perubahan 
























TCS p  
 [8 marks/markah] 
 
[c] Steam enters a nozzle at 4 MPa and 640 ºC with velocity of 20 m/s. This 
process may be considered reversible and adiabatic. The nozzle exit pressure is 
0.1 MPa. 
 
Stim memasuki muncung pada 4 MPa dan 640 ºC dengan kelajuan 20 m/s. 
Proses ini adalah proses berbalik dan adiabatik. Tekanan keluaran muncung 
ini ialah 0.1 MPa. 
 
[i] Draw a sketch of this process. Include all known information. 
Lukiskan satu gambar rajah dengan semua informasi yang dibekalkan 
untuk mewakili proses ini.  
 
[ii] What is the entropy change of the stream? 
Apakah perubahan entropi untuk arus ini? 
 
[iii] What is the exit temperature? 
Apakah suhu keluaran? 
 
[iv] What is the exit velocity? 
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2. [a] Briefly explain the phase change from point 1 to point 4 using Figure Q.2.[a]. 




         Figure Q.2.[a] 
       Rajah S.2.[a] 
 
 [b] What is the difference between 
  Apakah perbezaan antara 
 
  [i] a refrigerator and a heat pump 
   peti sejuk dan pam haba 
 
  [ii] a refrigerator and an air conditioner  
   peti sejuk dan penyaman udara       
[2 marks/markah] 
 
 [c] Air enters the compressor of an ideal gas refrigeration cycle at 12°C and 50 
kPa and the turbine at 47°C and 250 kPa.  The mass flow rate of air through 
the cycle is 0.08 kg/s.  Assuming variable specific heat for air, determine     
  Udara memasuki pemampat suatu kitar penyejuk gas unggul pada 12°C dan 
50 kPa dan sebuah turbin pada 47°C dan 250 kPa.  Kadar aliran jisim udara 
melalui kitaran ialah 0.08 kg/s.  Andaikan haba tentu bagi udara berubah, 
kirakan 
  
  [i] the rate of refrigeration 
   kadar penyejukkan 
 
  [ii] the net power input, and 
   masukan kuasa bersih, dan 
 
  [iii] the coefficient of performance 
   pekali prestasi        
[10 marks/markah] 
…5/- 
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 [d] Calculate the fugacity of water at 647 K and 114 atm using 
  Kirakan fugasiti air pada 647 K dan 114 atm menggunakan 
 
  [i] the steam table 
   jadual stim 
 
  [ii] the van der Waals equation 
   persamaan van der Waals 
 
  [iii] generalized correlation 
   sekaitan umum 
    
  Which value do you believe the most?  Justify. 
  Nilai manakah yang anda paling percaya?  Wajarkan jawapan anda. 
[10 marks/markah] 
 
3. [a] In his book The Trouble Waters, Henry Morris an American young earth 
creationist proclaims:    
Dalam bukunya “The Trouble Waters”, Henry Morris seorang pemuda 
Amerika yang mempercayai penciptaan bumi menyatakan
 
:  
“The Law of increasing entropy is an impenetrable barrier which no 
evolutionary mechanism yet suggested has ever been able to overcome.  
Evolution and entropy are opposing and mutually exclusive concepts.  If the 
entropy principle is really a universal law, then evolution must be impossible.”   
 
"Hukum termodinamik tentang peningkatan entropi merupakan sekatan tak 
terbatas yang bertentangan dengan mekanisma evolusi. Evolusi dan entropi 
adalah dua konsep yang bertentangan dan tidak bersetujui di antara satu 
sama lain. Jika prinsip entropi adalah suatu hukum universal yang benar, 
maka evolusi mestilah mustahil
 
.”  
Is this argument scientifically sound?  Explain. 
Adakah hujah ini saintifik? Jelaskan
 
.     [5 marks/markah] 
[b] Calculate the change in entropy when 1 mol of water is heated from 250 K to 
290 K, given that the molar heat capacities at constant pressure (Cp)ice = 2.09 
+ 0.126T [J/K] and (Cp)water H∆= 75.3 J/K and the heat of melting ( )m
 
 = 6000 
J/mol. (Hint: Melting point of water at 273 K, hence, the water is undergoing 
phase transition).  
Kirakan perubahan entropi apabila 1 mol air dipanaskan dari 250 K ke 290 
K.  Diberi muatan haba pada tekanan malar (Cp)ais = 2.09 + 0.126T [J/K] 
dan (Cp)air H∆= 75.3 [J/K] dengan tenaga haba pencairan ( )m
 
 = 6000 J/mol. 
(Petunjuk: Suhu pencairan air ialah 273 K, justeru air mengalami perubahan 
fasa).  
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 [c] The equation of state of a van der Waals gas is given by 









 + 2   Equation 3.1 
     Persamaan 3.1 
 
Derive mathematical expressions for W, U∆ , Q and  H∆ of this gas for an 
isothermal reversible expansion from an initial volume V1 to final volume V2




Terbitkan perhubungan matematik untuk W, U∆ , Q dan H∆ untuk gas ini 
yang mengalami perkembangan berbalik sesuhu dari isipadu V1 kepada V2





4. [a] Briefly explain the use of the following equipments: 
  Terangkan dengan ringkas kegunaan peralatan di bawah: 
 
  [i] Turbine 
   Turbin 
 
  [ii] Compressor 
   Pemampat 
   
  [iii] Throttle valve 
   Injap pendikit  
 
  [iv] Expander 
   Pengembang 
 
  [v] Condenser 
   Pemeluwap 
 
  [vi] Evaporator 
   Penyejat       [6 marks/markah] 
 
 [b] Figure Q.4.[b] is a plot of the natural log of the activity coefficient (In γi) of a 
binary liquid mixture of species a and b vs. mole fraction of species a (xa
   
) at 
300K. 
  Rajah S.4.[b] ialah plot log asli pekali aktiviti (In γi) bagi satu campuran 
cecair binari a dan b melawan pecahan mol spesis a (xa
 
) pada 300K. 
[i] What is the reference state for each species? 
 Apakah keadaan rujukan untuk setiap sepsis? 
 
[ii] Show that the Gibbs-Duham equation is satisfied at xa
 Tunjukkan bahawa persamaan Gibbs-Duham dipatuhi pada x
 = 0.6. 
a
…7/- 
 = 0.6. 
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[iii] Come up with an appropriate model for gE
 
 for this system and find the 
value of the model parameters. 
 Terbitkan model yang sesuai untuk gE
 
 bagi sistem ini, dan dapatkan nilai 
untuk parameter model. 
[iv] Is it possible for species a and b to separate into two liquid phase?  
Explain. 
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